






August 11, 2009  17

Headphones), three supra-aural devices that rest on 
the pinna (two of which included active-noise reduc-
tion and were tested in the on- and off-modes), and 
four circumaural devices that seal around the pinna 
against the head (one of which was an active noise 
reduction device and tested in its two modes).

We took measurements with two different half-
inch and two different one-inch microphones held 
directly against the earphone diaphragms, with small 
dosimeter microphones in the ears under the devices 
in two different orientations (for the supra-aural and 
circumaural earphones) using Jolene; we also took 
measurements with a few devices (data not shown 
in Figure 3 on p. 16) with a standard earphone 
coupler used for audiometer calibration (NBS-9A). 
These values, without any TFOE corrections, were 
compared to what was considered “truth,” i.e., 
data measured using KEMAR with soft pinna and 
TFOE corrections. For the KEMAR measurements, 
the microphone output was monitored by the third 
author while he adjusted the earphones for best � t.

The results are presented in Figure 3, grouped 
by earphone type. The vertical axis represents the 
error in the measurement of the overall A-weighted 
sound level of the IEC-shaped pink noise, compared 
to the “truth,” the TFOE-corrected KEMAR mea-
surements (i.e., a positive result indicates that the 
casual method overestimated the actual sound � eld 

equivalent level). For the supra-aural and circumau-
ral devices all methods agreed within ± 5 dB, except 
in one instance in which the one-inch microphone 
data were high by 10 dB. For the earbuds, the spread 
was greater with overestimates generally no more 
than 5 dB, but with one underestimate of almost 15 
dB. The insert earphone data were the most variable 
with errors of + 20 to -15 dB. 

When viewing the Jolene data in this chart, note 
that the instructions for this device suggest a 5-dB 
TFOE correction (subtraction from measured level), 
which was not made for the data in this � gure. In 
fact a 5-dB correction would closely align Jolene 
with the “truth” except for the insert earphones. 
This result was due to Jolene’s ear canal, which is 
short and does not allow for correct insertion of 
such devices. Thus, she is a � ne teaching tool, but 
her use for determining risk of insert earphones is 
problematic.

The hearing risks of excessive noise exposure 
have become increasingly publicized in the past 
decade. As PMP utilization pervades the culture, 
warnings about their hazard become more strident. 
In this report we endeavored to place the risk of 
PMP exposures in perspective compared to other 
noisy recreational activities, and to provide guidance 
on the accurate measurement of the sound levels 
they create.

It is certainly laudable to educate our youth 
about the potential risks of PMPs, but exaggeration 
can diminish our credibility and divert attention 
from what are arguably more hazardous noisy activi-
ties. All efforts to quantify risk of hearing loss from 
various noise sources, including PMP use, must be 
based on accurate measurements of both the levels 
and durations of exposure. 

Based on our studies, we recommend the 
following:

Use accurate equipment (such as acoustic mani-• 
kins) and standardized protocols (ISO 11904) 
for measuring output sound levels of all PMPs 
(and earphone types) when data are critical for 
research purposes or litigation.

Coupler/eardrum/manikin measurements must be • 
TFOE-corrected; otherwise overestimates of 4–8 
dB will occur when using resulting sound levels 
to predict hearing risk.

Hand-held mics can over- or underestimate • 
levels by as much as 15 dB for insert and earbud 
devices, but are within about 5 dB for supra-aural 
and circumaural devices. 

Jolene is a � ne teaching tool and her suggested • 
5-dB TFOE correction is suitable for all types of 
earphones except insert earphones, for which she 
is not applicable.  
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